Polycarbonate is an important thermoplastic polymer. Due to its high performance, polycarbonate has a range of engineering applications in construction, automotive, aircraft, data storage, electrical, and telecommunication hardware. However, polycarbonate's use is limited in advanced applications due to limitations, such as strong hydrophobicity, relatively limited chemical functionality, high melt viscosity, notch sensitivity of mechanical properties, and relative softness. Blending with other thermoplastic polymers improves its physical characteristics. The present review outlines up-to-date developments concerning the design and application of polycarbonate blends. A particular emphasis has been given to establish polycarbonate blends such as:
optical features are needed. PC is used for applications such as high-stability capacitor, dielectric material, construction material, data storage, automotive, aircraft, security component, bullet-proof glass, poster protection, displays, bullet-resistant windows in automobile, and electrical and telecommunication hardware. However, PC use in automotive applications has been limited to plastic parts subject to lower stresses. PC resins are divided in two chemical categories: straight chain aliphatic and aromatic. Aliphatic PCs prepared from CO 2 and epoxide are useful thermoplastics. 12 The most common aromatic PC is poly(bisphenol A carbonate). The first aromatic PC was prepared in the late 1890s by reacting hydroquinone or resorcinol with phosgene in pyridine. 13 This colorless and transparent polymer had crystalline nature with low quality, brittleness, and was difficult to process.
14 Poly (bisphenol A carbonate) is also an important polymer having many technical applications. It has been used in optical data storage devices, bulletproof windows, food packaging, water bottles, etc. 15, 16 PC disadvantages include: high melt viscosity, notch sensitivity of mechanical properties (especially impact strength), relative softness, limited solvent resistance, weathering, hydrolysis, and scratches. 17 PC is dominant for making automotive headlamp lenses owing to its low weight and high impact resistance. However, these automotive headlamps necessitate outer surface coatings to improve scratch resistance and UV degradation (yellowing). Therefore, PC use in automotive lighting and windshield applications is restricted. PC in automotive applications is also limited to low stress applications. PC is susceptible to stress corrosion cracking, when it encounters moisture, salt water, and plastisol. Furthermore, PC has limited hydrolysis and weathering resistance which restrictions its applications in plastic parts subject to water and humidity at higher temperature. 18 PC also has poor solvent resistance to common industrial solvents and automotive fluids. Blending with other thermoplastic polymers as well as the adding reinforcement materials has been used to improve its physical characteristics. 19, 20 Figure 1 shows three ways to form PC.
Sue et al. 26 explored interfacial adhesion and toughening mechanism in PC/ PE blends. Per transmission electron microscopy (TEM), PE particles were strongly adhered to the PC matrix. PC/PE interface debonding caused the toughening mechanism in the PC/PE blend. The PE toughener phase cavitation strength was the focus for toughness optimization. Zheng et al. 27 studied PC/ PE blend molded by short shot (SS) and gas-assisted injection molding (GAIM). The experimental and simulated results indicated that shear rate and cooling rate were important for the gradient structure formation during GAIM. Li et al. 28 investigated skin-core structure of injectionmolded poly(ethylene terephthalate) (PET)/ PE and PC/PE blends. The shape and size of PET and PC phases were dependent on the PET/PE and PC/PE blend properties and injection molding parameters. The morphology in the section perpendicular to the melt flow direction contained four layers: surface, sub-skin, intermediate layers, and core zone. The sub-skin layer contained fibrous structure. Regardless of the particle shape, the PET particles were larger than the PC ones. Li et al. 29 Figure 1 . Three ways to form polycarbonate.
revealed that higher molding temperature gave higher crystallinity and perfect PE phase crystals. Table 1 shows the notch impact strength of the injectionmolded PC/PE bars prepared at the three temperatures. The 275 C-bar had highest impact strength, whereas the 190 C-bar showed the lowest strength. The 275 C-bar was not completely fractured by impact. Table 2 shows that the higher molding temperature/longer cooling time resulted in higher crystallinity and perfect crystals with larger size. The sample molded at 190 C had several uniformly dispersed spherical PC particles due to the PC being resistant to flow and deformation. The blends exhibited different morphology owing to different PC deformability at the different molding temperature. The samples molded at both 230 and 275 C showed typical anisotropic (skin-core) structures. Injection-induced PC fibers were observed in the subskin layer. Figure 2 shows the fibrillar structure formation on the fractured surface. The fibrils behaved like miniature samples undergoing micro-necking and sustained larger strain, resulting in higher fracture energy. Higher crystallinity and perfect crystals in the 275 C-bar led to the PE matrix having considerable cavitation and fibrillar structure. Li et al. 30 prepared PC/PE blends filled with multi-walled carbon nanotubes (MWCNTs) by shear controlled orientation in injection molding (dynamic samples) and conventional injection molding (static samples). The morphology observed with a scanning electronic microscope (SEM) indicated that the PC phase in-situ generated more microfibrils in the dynamic samples than in the static samples. Figure 3 (a) and (b) showed typical sub-skin layer morphology for the static and dynamic CNTfilled samples. The injection-induced PC microfibril was perfectly oriented along the shear direction. In the dynamic sample, PC microfibrils were uniform with narrow diameter distribution compared to the static sample. Some holes were observed in the static sample due to fiber pull out. In the dynamic sample, more effective interfacial stress transfer was observed. Static samples showed double yielding behavior ( Figure 4 ). The common yielding occurred after the necking of PE matrix, where the necked material was not sufficient to counteract the reduction in the cross-sectional area of the necked region. This resulted to the reduction in load. The stress first dropped down rapidly, whereas the strain continued to increase considerably. With 0.5 wt.% of CNT, the tensile properties of dynamic samples were increased compared to the static samples.
PC/poly(methyl methacrylate)
To pursue toughened plastics, PC has been blended with many polymers. 31, 32 Several researchers investigated PC and polymethyl methacrylate (PMMA) melt blends. 33 These blends showed partial miscibility between PC and PMMA. Kyu et al. 34 studied PC and PMMA miscible blends. They prepared PC/PMMA solvent cast films. The blend showed a single-phase structure with outstanding optical clarity. DSC showed a single glass transition. However, the blends phase separated upon heating above 240 C. Carriere and Cohen 35 prepared PC and PMMA blends. The interfacial tension between the 240 C molten high molecular weight blend was measured at 1.44 AE 0.16 dyn/cm using the imbedded fiber retraction (IFR) technique. Guerdoux et al. 36 investigated how PC and poly(methyl methacrylate) physically age using dynamic mechanical experiments at different temperatures. Sakellariou et al. 37 studied PC/poly(methyl methacrylate) graft copolymers as effective emulsifiers in PC/ PMMA solvent-cast dispersions. The copolymer block molecular weight was distinctly higher than the corresponding homopolymer. The <5% w/w copolymer acted as an effective surfactant. Polymer component miscibility was affected by the adding copolymer in the blend. Lhoest et al. 38 focused on phase segregation at the Bisphenol A PC and poly(methy1 methacrylate) blend surface using X-ray photoelectron spectroscopy (XPS) and timeof-flight secondary ion mass spectrometry (ToF SIMS). Blends were solution-cast on silicon wafers using dichloromethane as solvent. XPS data showed that the PMMA surface molar concentration increased steeply with the PMMA bulk concentration. According to ToF SIMS, PC remained detected even for high PMMA surface concentration. Nishimoto et al. 39 studied miscibility range in PC/PMMA blends. The solvent preparation method was used. Phase separation occurred on heating above the glass transition. Above glass transition temperature (T g ), slow phase separation occurred from the trapped non-equilibrium state. Figure 5 shows phase diagram for molecular weight, melting, and glass transition temperature. Effect of annealing temperature on the blend properties was studied. The results were presented for set of experiments using PC of weight average molecular weight (M w ) ¼ 17 300 in PMMA blend. All compositions became opaque during annealing for 80 h at 170 C and 180 C. However, at 150 C and 140 C, the extreme compositions remained transparent at 80 h. Figure 6 showed crystallization behavior of 50% PC blend, from a DSC test. The blend was annealed for 80 h at 150 C. Kim et al. 40 also studied poly(methyl methacrylate) blend miscibility with halogen-containing PC and copolymers. Hexafluorobisphenol-A appeared to be an effective comonomer.
PC/poly(viny1chloride)
Research on PC and poly(viny1chloride) (PVC) blends are found in earlier reports on PC. 41 Kolbeck et al. 42 studied micro-foaming behavior and mechanical properties of PC and poly(viny1chloride) (PVC) blend mechanical properties. Per SEM, nitrogen-gasified PC and PVC showed that the interior region contained gas bubbles surrounded by surface layers of void-free polymer. In helium-gasified polymers, no gas bubbles were observed. The yield stress and elongation at break for these blends did not show any difference between gasified and un-gasified materials. Braun et al. 43 investigated miscibility of PCs derived from Bisphenol A or 2,5,2',5'-tetramethyl-Bisphenol A with poly(viny1 chloride), chlorinated poly(viny1 chloride), and vinyl chloride-vinylidene chloride copolymers. The dipolar interaction between PC and PVC in miscible blends shifted the carbonyl absorption position in IR spectra. The miscibility was studied using DSC and microscopic observations. Sato et al. 44 explored the miscibility and morphology of semi-rigid thermotropic liquid crystalline polycarbonate (LCPC) blends with three commercial amorphous poly(viny1 ch1oride) having different molecular weights. SEM and DSC studies were performed. LCPC formed miscible blends with PVC independent of molecular weight, and no phase separation was observed in the LCPC/PVC polymer blends. The dynamic storage modulus of the LCPC/PVC polymer blends varied with the blend composition. Plasticized poly(vinyl chloride) (PVC) has several favorable properties and commercial applications ranging from children's toys to electrical components. [45] [46] [47] Most PVC plasticizers are suspected for serious health effects. 48, 49 Hakkarainen et al. 50 developed solidphase micro-extraction (SPME) method to quantitatively determine the amount of 6-hydroxyhexanoic acid migrated from PC/PVC blend in aqueous solution.
PC/polystyrene
Among earlier attempts, Eastmond et al. 51 investigated dynamic mechanical properties of PCs, polystyrene (PS) and their blend. The PCs/PS blend properties were a combination of the constituent homopolymers. Jiang et al. 52 prepared an AB-crosslinked copolymer (ABCP) with PC as A-chain and PS as B-chain. The ABCP blends and homo-PS fraction with different molecular weight were prepared and studied by electron microscopy. Kim casting. The PC weight fraction varied from 0.95 to 0.05 in the blends. At its T g , PS appeared to be dissolved more in PC phase. The polymer-polymer interaction parameter of PC/PS blends was calculated to be 0.038 AE 0.004 for extruded blends at 250 C. Per SEM, the compatibility was more in the PS-rich regions than in the PC-rich regions. McKay 54 investigated two PS-polycaprolactone diblock copolymers of differing molecular weight. These copolymers were extrusion-blended with PS and PC. The resultant blend morphology was studied using DSC. In the compositions studied, PS and PC phases showed discrete glass transitions indicating component immiscibility. Including copolymer also improved the homopolymer component dispersion. Tensile, flexural, impact, thermal, morphology, and flow characteristics were also studied. The copolymer resulted in increased rigidity and brittleness, and low thermal performance. Jiang et al. 55 synthesized block PS and PC copolymer. Anionic polymerization of the styrene and endcapping with a hydroxyl group was followed by reaction with phosgene and bisphenol-A. The PS/PC block copolymer was also used to compatibilize poly(ethy1ene terephthalate) (PET) and poly(p-phenylene oxide) (PPO) blends. The PS-PC block copolymer reduced the dispersed phase dimensions. Kim and Paul 56 studied interaction parameters for PS and tetramethyl bisphenol-A PC blends by fitting experimental pressure-volume-temperature (PVT) behavior and lower critical solution temperature (LCST)-type phase boundary. The phase boundaries were evaluated by DSC. Afeworki and Schaefer 57 studied 13 C NMR signal arising from PC chains near the PC/PS interface. NMR relaxation experiments were performed to characterize the microscopic dynamics of blend chains. Pu et al. 58 prepared an immiscible PC/PS blend system. Moreover, a PC-g-PS graft copolymer was prepared by radiation grafting. The graft copolymer structure was confirmed by IR spectroscopy. The PS graft chain molecular weight was determined by gel permeation chromatography (GPC). The copolymer thermal properties were also measured. Sakellariou et al. 59 studied adding PC/PS graft copolymers to chlorinated PC and PS blends. The interaction parameter between the PC and PS was calculated. The blend interaction parameter ( blend ) estimated from the solubility parameters of the two polymers was 0.027. A literature value equal to 9.2 (cal-cm À3 ) 1/2 was used for the solubility parameter for PS and 9.9 (cal-cm À3 ) 1/2 calculated for PC. 37 The copolymer acted as an interfacial agent. The copolymer influenced the blend morphology and dynamic-mechanical properties. Chuai et al. 60 studied how the PC/PS blend morphology evolved during the compounding process. The three blending methods used were melt blending, re-melt blending in a twin-screw extruder, and tri-melt blending in an injection-molding machine. The blends were studied using SEM. Per Figure 7 (a), PC phase formed blade structure. The blade tends to break down in Figure 7 (b). Figure 7 (c) shows several small blades or pieces apparently from the breakdown of larger blade. The results showed that the formation of co-continuous morphology was dependent on blend composition and melt blending method used.
PC/polyurethane
Waterborne polyurethane (PU) and waterborne UV-curable PU have gained significant research interest due to multitalented performance. [61] [62] [63] [64] However, there water resistance, hydrophobicity, and mechanical strength are relatively inferior due to lower cross-linking density. [65] [66] [67] There are few PC/PU blends available in literature. Zhang et al. 68 developed waterborne UV-curable PC PU (PCD-WUPU) nanocomposite based on polydimethylsiloxane (PDMS) and aqueous colloidal silica via inverse emulsification. The influence of PDMS and silica on morphology and properties of the nano-structured films has been investigated. The homogeneous silica particle dispersion in UV-curable PCpolydimethylsiloxane-polyurethane (PCD-PDMS-WUPU) matrix resulted in increased tensile strength, modulus, and thermal stability. Incorporating silica did not affect the surface hydrophobicity and water resistance of the PCD-PDMS-WUPU films. The materials were claimed to be significant as UV-curable coatings with abrasion, scratch, and water resistance. Shyu et al. 69 studied the dynamic mechanical properties, transition behavior, and morphology of PC/ PU semi-interpenetrating polymer networks (semi-IPN) and linear blends. Two glass transition temperatures corresponding to PC and PU were observed. In semi-IPN, T g shifted due to the forming a semi-interpenetrating network and mutual miscibility of PC and PU. Hwang and Kim 70 incorporated hydroxy-terminated PDMS into the soft segment of UV-curable PC-based PU (meth)acrylate dispersion. 2-Hydroxymethacylate or pentaerythritol triacrylate was end-capped with or without PDMS to corroborate how the end-capping group affected the properties. The UV-curing rate and final conversion was strongly dependent on the functionality. The glass transition temperature and the tensile strength of the cured films were improved by incorporating PDMS and increased the functionality.
PC/PET
Among PC/polyester blends, PC/poly(ethylene terephthalate) (PET) materials have received considerable attention due to industrial significance. PET is an engineering plastic. 71 Because PC has good impact strength and thermal, and tensile properties, it is used in jet aircraft windows, compact discs (CD), and digital video discs (DVD). However, PC/PET blends have poor solvent and chemical resistances. 72 Ma et al. 73 studied if a random copolymer produced by transesterification can compatibilize the PC/PET blend system. DSC and phase contrast microscopy was used. They found that the random copolymer was miscible with individual PC and PET homopolymers after a long transesterification times in 50/50, wt.% blend. Moreover, the PC-rich phase and PET-rich phase glass transition approached each other to give a single glass transition. The mechanism of the compatibilizing effect was related to reduce the interfacial tension between PC-rich and PET-rich phase domains. Pereira et al. 74 investigated how processing time and cobalt acetylacetonate III complex concentration affect PC/PET reactive blending. The blend was prepared in an internal mixer at 270 C and 60 r/min for 5-20 min. The thermogravimetric analysis (TGA) thermograms presented two decays. One related to the PET rich phase and the other to the PC phase. To improve PET properties, several PC blends have been investigated. 75 Kanzawa and Tokumitsu 76 studied the mechanical and morphological properties of PLA, PC, and poly(butylene adipate-co-terephthalate) (PBAT) polymer blends. Blend samples were prepared by reactive processing (RP) using a twin screw extruder. Per dynamic mechanical analysis (DMA), binary PC/PBAT blends were miscible over wide mixing ratios. DMA also depicted PLA/PBAT/PC ternary blend miscibility. Scanning electron microscopy (SEM) showed that PLA/PBAT/PC blends had several small spherical island phases with domain size approximately 0.05-1 mm for RP, and 10 mm without RP. Turek et al. 77 explored the relationship between the rheological, morphological, and tensile properties of an immiscible 25 wt.% thermotropic liquid crystalline polymer (LCP) blend. The PC blend shear viscosity was intermediate between the two constituent materials. The shear viscosity also indicated immiscibility in the melt. Fraisse et al. 78 studied weathering and recycling of PC/poly(ethylene terephthalate) blends. Three PC/PET blends were studied: 20/80, 30/70, and 50/50 wt.%. Blending PET waste with PC improved the blend stability. The blends showed higher glass transition temperature relative to PET. The results indicated that the blends showed better properties than neat PET. DSC measurements showed that the PET phase glass transition temperature was higher than neat PET. The blends T g were $85
C, while the neat PET T g was 80 C (Figure 8 ). The blend storage modulus G' was close to the PC storage modulus at low frequency ( Figure 9 ). Transesterification between a thermotropic polyester and PC was investigated during melt blending. 79 A comprehensive review on technologies used for manufacturing PC and liquid crystalline PET blends has also been found in the literature. 80 
PC/poly("-caprolactone)
Poly("-caprolactone) (PCL) is an important class of aliphatic polyesters. chloride), poly(hydroxy ether), chlorinated polyether, and PC. 82 PCL is biodegradable and exhibits low glass transition temperature (À40 C) and melting temperature (T m ) (60 C). Bisphenol A PC is one of the toughest polymers with high T g (150 C) . Blending PCL with other polymers may result in interesting phase behavior leading to modifying the physical properties. The PC/PCL blend phase behavior was studied with DSC and DMA, and Fourier transform infrared spectroscopy (FTIR). The (PCL/PC) blend system is miscible over the entire composition range with a single T g . 83, 84 Ketelaars et al. 85 studied how PC/poly("-caprolactone) (PC/PCL) blend density relates to composition. The PC/PCL blends were miscible with the crystallizable components. Specific interaction was observed in the blend amorphous phase over the whole composition range. Herna´ndez et al. 86 studied dielectric relaxation of PC and poly("-caprolactone) blends. Calorimetric studies showed that the amorphous phase was a complete homogeneous phase. The PC/PCL blend phase separation increased with long storage time at room temperature. During storage, slow PCL component crystallization occurred, which drove the segregation process. Cheung and Stein 87 studied the phase behavior and PC/PCL blend miscibility using DSC, cloud-point measurement, TGA, FTIR, nuclear magnetic resonance (NMR) spectroscopy, and small-angle neutron scattering (SANS). The thermal analysis indicated that the PCL-rich blends were semicrystalline at room temperature. The PCL crystallinity significantly decreased at 30 wt.% PC. The T g was dependent on the composition. FTIR and NMR results corroborated the thermally induced chain scission of PCL. The increased scattering intensity was credited to PC crystallization due to extended annealing. Jonza and Porter 88 investigated bisphenol A PC/poly("-caprolactone) blend miscibility using DSC. A single glass transition was observed across the compositional range. Moreover, no melting point depression was observed for PC or PCL. Hirotsu et al. 89 focused on extruded PCL sheet and PC blended sheet biodegradation prepared from the melt at various ratios. PCL was degraded less when blended with PC. The blend sheets (PCL/PC) were surface-treated with O 2 and Ar glow discharge plasmas to create hydrophilic surface. The surface energy polar component increased with the hydrophilicity. Laredo et al. 90 studied PC/PCL amorphous miscible blends with 90/10 and 80/20 composition by weight using X-ray diffraction and broad-band dielectric spectroscopy. The molecular dynamics for high T g component segmental mobility were observed by analyzing the isothermal dielectric losses versus frequency with Havriliak-Negami distribution. The 90/10 PC/PCL blend isothermal crystallization process was studied in real time by following the mobile amorphous material decrease from via the dielectric losses and by wide angle X-ray scattering to pursue the crystal growth. A quantitative comparison showed that more mobile amorphous chains disappeared than transferred to the crystallites. That a negligible rigid amorphous phase existed in the blend was due to the isothermal PC crystallization.
PC/acrylonitrile-butadiene-styrene
PC acrylonitrile-butadiene-styrene (ABS) blends are well-known commercial products and have been studied for various properties. Their commercial success is because the two components complement each other. PC contributes good mechanical and thermal properties, whereas ABS provides fine processability and notched impact resistance. The blends prepared as extruded-sheet and injection-molded bars and their mechanical properties were tested. 91 Few detailed reviews on PC/ABS blends have been found in Greco and Sorrentino. 92 However, recently a few literature reports are found. Liu and Yao 93 focused this blend performance in marine applications. Recently, Hasan et al. 94 studied PC/ABS as electronic waste (e-waste) modified asphalt binders. The effects of e-waste materials on the intermolecular forces of the binder samples were analyzed based on analyzing activation energies. Thermal processing and viscosity behavior have also been studied. [95] [96] [97] Mechanical properties have been specifically concentrated for commercial and defense applications.
98-100

PC blends filled with nanofillers
In polymer blends, compatibilizer is a macromolecule generally introduced to manipulate the interfacial properties of the immiscible polymers. Homopolymer, block, graft, or star copolymers are added to compatibilize the polymer blends. 101, 102 Compatibilizer reduces the dispersed phase size and promotes interfacial adhesion between the phases in the solid state. The main purpose is to enhance the polymer blend properties. Recently, inorganic or organic particles are used to enhance the blend properties. 103, 104 Layered silicate such as montmorillonite (MMT) has been dispersed in blended matrix. 105 PC and PMMA have received considerable research attention in industry and academia due to technical applications. Melt-mixed PC and PMMA materials have been reported. 106 The PC/PMMA blend phase structure has been widely explored. 107 Ray and Bousmina 108 studied how MMT behaves in an immiscible PC/PMMA blend. They used techniques such as SEM, X-ray diffraction (XRD), TEM, differential scanning calorimetry (DSC), attenuated total reflection-Fourier transform infrared spectroscopy (ATR-FTIR), and mechanical testing. Per their results, organoclay acted as an efficient compatibilizer in PC blend. Po¨tschke et al. 109 prepared conductive PC and high density PE blend. They used MWCNT as compatibilizer in the PC blend. The composite was prepared by melt mixing in an extruder. The blend morphology was found to be co-continuous over a 30-80 vol.% of the filled PC phase. Per SEM, nanotubes remained inside the sample after dissolving the PC phase and connected the PE particles ( Figure 10 ). Electrical resistivity measurement showed that the conductivity of the blends was related to the morphology. The same group also prepared composites of PC and MWCNT using micro compounder. 110 However, how nanoparticles affect immiscible blends is still confusing in the literature. Gunes and Jana 111 explained how the nano-particles that affected the immiscible blends were different than compatibilizers. Earlier reports have shown that the immiscible polymer blend morphology depends on kinematic parameters (total shear, shear rate), material parameters (shear and elongational viscosity, viscosity ratio, shear thickening), and thermodynamic parameters (miscibility, critical solution temperature). 112 For small molecule immiscible blends, colloidal nano-particles located on the interface may stabilize the mixture. 113 Nevertheless, how nanoparticles effect immiscible polymers is different because the nanoparticles are not located at the blend interface. Neat immiscible blends usually show a dispersed droplet morphology. The nanoparticle may be selectively located in one blend component; therefore, the effect must be different than a compatibilizer. 114 Moreover, the immiscible blend filled with nanoparticles has a different morphology than a blend filled with compatibilizer. 115 Polymer blend thermodynamics changes significantly when a compatibilizer is present, though nanoparticles might not affect the thermodynamic profile, phase separation, and critical solution temperature of polymer blends. 116 Since, in immiscible blends, dispersed droplet morphology is preserved even after adding large micron-sized inorganic fillers such as carbon fiber, carbon black, and talc.
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Application areas of PC blends Membrane technology
Gas separation with PC membranes has been developed in the last century. 121 Hollow fiber membrane technology was also developed. 122 Several membrane systems have been prepared with the intent to commercially employ for gas separation. Consequently, PC membranes have been commercialized for separating gas pairs such as CO 2/ CH 4 , O 2 /N 2 , H 2 /CH 4 , and He/air for the dehydration of air and natural gas. Muruganandam and Paul 123 prepared PC membranes. They found balance between the transport rate and selectivity for various gas pairs. Groups such as methyl (CH 3 ), chloro (Cl), or bromo (Br) functionalities have been introduced on the bisphenol-A unit aromatic ring. The substituted PC depicts better properties than the non-modified PC. The substitution increased O 2 /N 2 selectivity by 50%, without decreasing the permeability. The resulting tetramethylbisphenol-A PC formed miscible blends with PS. Ward et al. 124 developed a water floatation method for casting homogeneous ultra-thin membranes based on a high permeability PC/silicone rubber copolymer. Table 3 shows PC membrane properties. 125 Hosseini et al. 126 prepared heterogeneous cation exchange membranes by solution-casting using polyvinylchloride (PVC) and PC as binders. Tetrahydrofuran was the solvent. Polymer binder type and resin ratio loading influenced the mechanical, morphological, and electrochemical properties. Scanning electron microscopy (SEM) and scanning optical microscopy were used to examine the membrane structure. The resin particles were found consistently distributed in PC membranes compared to the PVC. Increased resin loading may increase the membrane transport number, ionic permeability, hydrophilicity, ion exchange capacity, water content, surface ion concentration, and permselectivity. However, the S-PVC membrane mechanical strength was higher than the PC ones. The higher resin content decreased the electrical resistance and oxidative stability. Ion exchange capacity was higher, while swelling was insignificant relative to the commercial membrane. Similarly, there are other attempts in the literature regarding PC-based blend membranes for cation-exchange. 127, 128 Nagarale et al. 129 studied membrane potential and chronopotentiometry as effective tools for electrochemical characterization of heterogeneous ion-exchange membranes. Membrane potential data for PC and PS membranes with different ion-exchange resin content show that the ion-selectivity increased with the ion exchange resin content.
The same group also prepared cation-exchange membranes with different functional groups (-SO 3 H, -COOH, and -PO 3 H 2 ). 130 The different functional groups were confirmed by the carbon, hydrogen, nitrogen, and sulfur (CHNS) analysis data. Table 4 shows the ion exchange capacity they recorded. 
Biomedical relevance
Hakkarainen 131 used medical grade PVC plasticized with polycaprolactonepolycarbonate (PCL-PC). The blend was subjected to aqueous environment at different temperatures. Solid phase micro-extraction (SPME) and gas chromatography mass spectroscopy (GC-MS) were used to study the release profile during ageing. Per GC-MS, trace amount of 6-hydroxyhexanoic acid was detected in the final PCL-PC hydrolysis. FTIR was used to study changes in the surface composition and PCL-PC migration from the blend. In water or phosphate buffer, no surface composition changes were determined during 98 days at 37 C. At 100 C, they observed increased PCL-PC hydrolysis rate and complete PCL-PC depletion from the blend. The PU elastomers Corethane 80A (Corvita) has been considered as the acetabular bearing material in total joint replacement. Khan et al. 132 tested the biostability of PC urethane relative to commercially available biomedical PU such as Pellethane 2363-80A. The PU cup consisted of two layers, i.e. soft inner layer made up of Corethane 80A, while outer shell of harder grade PU, Corethane 75D ( Figure 11 ). After three years in vivo, no significant physical or chemical degradation was observed (Figure 12 ). There was notable consistency in the condition of the cups retrieved. Host variables such as age, weight, and mobility were remained intact. Figure 13 shows plot of the control surface. The surface Representative photographs of cups retrieved at 1 year along with enlarged views of the high load-bearing surface. Impingement damage in the compliant layer can be seen in the compliant layer (black arrow), and on the shell (blue arrows). 132 asperities range in height from tens of nanometers up to 300 nm with a positively skewed roughness.
A burnished region was formed in the three-year cup with the increased implantation time. The burnished region retained asperities showing that there was no significant wear-mediated loss of material. Sobczak et al. 133 formed a series of biomedical PU elastomer based on poly(ester-carbonate) (PEC) and PC. The PEC or PC diols were synthesized by ring-opening polymerization of "-caprolactone, trimethylene carbonate, and neopentyl carbonate catalyzed by lipase. PUR was prepared by free-metal method from PEC or PC diols and 4,4'-methylenebis(phenyl isocyanate). The 1,4-butanediol was used as a chain extender. The polymer toxicity was studied using bacterial luminescence and two protozoans assays. The preliminary studies showed that PEC or PC diols have improved hydrolytic stability for biomedical PUR. Arjun and Ramsh 134 reported electrospinning of series of oxidatively stable polycarbonate urethane (PCU) using N,N-dimethyl formamide (DMF) and tetrahydrofuran (THF) as solvent. The membranes were characterized for performance, structure, and compatibility with cells. SEM was used to study the structural morphology and fiber diameter. The 3D architecture, pore size distribution, and percentage porosity were studied using microcomputed tomography (micro-CT). The membranes displayed porous architecture with average fiber diameter around 1.5-2 mm. The membrane cytotoxicity was evaluated using L929 fibroblast cells. The results indicated were that all the PCU membranes were cytocompatible and had good adherence to L929 cells. Polymers such as PC, poly(methyl methacrylate) (PMMA), PDMS, polyetheretherketone (PEEK), and polyimide (PI) have been used to develop microfluidic devices. 135, 136 The material selection depends on polymer properties and ease of fabrication. [137] [138] [139] The benefits for adding PC in these devices include high impact resistance, low cost, low moisture absorption, machining properties, transparency, and high glass transition temperature. Disadvantages are poor resistance to certain organic solvents and UV absorbance. Wabuyele et al. 140 used single photon burst technique to detect double-stranded DNA molecules in poly(methylmethacrylate) (PMMA) and PC microfluidic devices. To monitor the fluorescence signature from single DNA molecules, a confocal epiillumination detection system was developed. Near-IR chromophore was analyzed using confocal imager to reveal the sensitivity of single molecule analysis in near-IR using polymer microfluidic devices. Detection efficiency ¼ 94% was found for single near-IR chromophore molecules with PC device.
Flame resistance
Factor and Orlando 141 studied flammability properties of PC based on bisphenol A (BPA) and 2,2-bis(4-ydroxypheny1)-1,l-dichlorothylene. Figure 14 shows the synthesis route for FR PC. The copolymer and the homoPC blend resulted in transparent thermoplastics. The oxygen indexes (OI) for blend membrane systems plateaued at greater than 50 for composition containing 25-100% modified PC. Green 142 determined that the PC/polyethylene terephthalate (PET) blends filled with phosphorus compounds had flame resistance about 10 times higher than those filled with bromine compounds. Balart et al. 143 have studied the miscibility and mechanical properties of PC and acrylonitrile-butadiene-styrene (ABS) recovered from electronic waste. The PC and ABS blend rheological and mechanical properties were studied. 144 Khan et al. 145 also explored the non-flammability properties of PC/ABS blends. Adding PC to the ABS matrix decreased the extinguishing time, burning extent, and weight loss. The results indicated that PC has potential as a flame resistance additive in ABS blends. Clay nanoparticles are used as conventional FR additives. Feyz et al. 146 studied how nanoclay and triphenyl phosphate (TPP) effect PC/acrylonitrile-butadiene-styrene (ABS) blend fire retardancy. The nanoclay in PC/ABS decreased the peak heat release rate (PHRR) without effecting the time to extinguishment. PHRR in cone calorimetry testing decreased from 1032 kW/m 2 for the PC/ABS blend to 300 kW/ m 2 for the PC/ABS /(12% TPP-2% nanoclay) sample. The limiting oxygen index (LOI) increased from 23 to 35% indicating good flame retardancy. Murashko et al. 147 Figure 14 . Synthesis route to polycarbonate.
PC-acrylonitrile-butadiene-styrene (PC-ABS) blend-containing RDP. They suggested that PC undergoes a Fries-type rearrangement upon thermal decomposition, and RDP reacted with the phenolic groups through a transesterification mechanism. Perret et al. 148 investigated the pyrolysis of PC and PC/ABS blend with and without TPP, RDP, and bisphenol A. They studied the flame retardancy mechanisms and structure-property relationship. Swoboda et al. 149 prepared FR recycled poly(ethylene terephthalate) (PET) blends containing PC and TPP. PET and PC were melt blended with a transesterification catalyst that compatibilized the blend. TPP extended the PET chains, thus increasing the average chain length. The optimized blends showed charring residues higher than 16%. TPP acted as a FR in PET, pristine PC, and their blends. SEM of char residues showed that the PC in blends formed a homogeneous char layer during combustion ( Figure 15 ). Pawlowski and Schartel 150 investigated the influence of nano-dispersed 5 wt.% boehmite (AlOOH) and 5 wt.% AlOOH combined with bisphenol A bis(diphenyl phosphate) (BDP) in bisphenol A PC/acrylonitrile-butadiene-styrene (PC/ABS)/ poly(tetrafluoroethylene) (PTFE), and 1 wt.% AlOOH with and without BDP, RDP, and TPP. LOI and UL 94 were used to measure the flammability behavior. The flame retardancy mechanism depended on the decomposition behavior, which controls the release in gas phase or retention in condensed phase. When 1 wt.% AlOOH was added to the PC/ABS/PTFE with and without BDP, RDP, and TPP, no significant influence was observed on the thermal decomposition. The enhancement of the barrier effect was very small at 1 wt.% composition. Moreover, no significant influence was observed on UL 94 and LOI performance of the material.
Other applications
Other important PC blend applications include forming organic light emitting diodes (OLED). 151 PMMA was used as an inert host material, while N,N'-diphenyl-N,N'-bis(3-methylphenyl)-[1,1'-biphenyl]-4,4'-diamine-polycarbonate (PC-TPD) was incorporated as a guest material. The OLED having PC blend structure appeared as an array of bright submicrometer-sized electroluminescence spots. Butt welds of PC/poly(butylene terephthalate) blend is another exciting application. 152 Vibration-welded butt joints had sufficiently high strength. PC was also used to modify epoxy for cryogenic applications. 153 The blends were prepared through vacuum-assisted resin transfer molding. The blend was effective in preventing micro-crack formation during thermal cycles at cryogenic conditions. Gas sorption and transport in PC blend were investigated by dual sorption-dual mobility models. 154 Thermo-and chemo-responsive shape memory effects in PC blends were also explored. 155 Transparent PC/copolyester blends have been prepared with yellowing resistance during g-sterilization. 156 Chemical resistance was sufficient for use in relevant applications. High-performance bio-based PC/ poly(lactic acid) blends have also been reported for durable applications. 157 Bio-based content in the blend caused increased manufacturing sustainability for industrial applications.
Conclusion and future prospects
Neat PC is restricted in advance applications due to its limitations. We have described the many thermoplastics blended with PC to overcome these limitations. The main reason to blend PC with other polymers is to obtain a continuous morphology and a higher performance material with optimum hydrophobicity, low melt viscosity, optimum notch sensitivity, and fine mechanical and thermal properties. Although, there is research to design new PCs and to identify new applications, a few issues remain challenging. As Figure 15 . SEM observation of char residues of PC/PET blends. 149 monomer and polymer preparation generally required multiple steps, the precise control of material's properties such as molecular weight, thermal stability, and mechanical properties has not been achieved so far. Major factors to consider to successfully apply these blends are: dispersed phase concentration, nature, interfacial adhesion, and morphology and its variation in accordance with change in composition. For phase/morphology continuity of blends, PC has certain drawbacks such as poor solvent resistance (crazing) and hydrolysis susceptibility. Consequently, to increase the scientific and practical potential of these blends, morphology continuity must be focused by enhancing solvent processability. Similarly, ideal blend combinations and compositions must be the future research focus for intended applications. Producing electric and electronic equipment is a rapidly growing industry nowadays. Research on PC and its blends disposal which have been extensively used to produce electronic equipment housings is, thus, of interest. In this regard, various polymers have been used to form PC blends. However, there is not any viable and promising engineering solution available for the eco-friendly applications. Therefore, PC blends and composites need to be further investigated for biodegradability. Methods should be developed for chemical recycling, mechanical recycling, or solvolysis. Aliphatic PC has inherently excellent properties and is used to form degradable biomaterials. In biomedical applications, the traditional PC drawbacks arise due to hydrophobic properties, non-compatibility, and lack of functionality with cell/organs. Altering the PC backbone via controlled inserting functional groups in polymer chains may improve the biomedical features of PC. Functional groups can modify chemo-physical and biological properties of polymer matrices. The modified PC-based blends can be used for drug targeting and tissue engineering. However, rigorous reaction conditions may lead to the deactivation or denaturation of incorporated functional groups. There are surprisingly few research reports available on the shape memory behavior of PC blends. Hence, introducing other thermoplastic polymers in PCs may produce thermo-responsive and chemoresponsive shape memory structures to reshape device/product design. The shape memory materials of PC can be prepared by optimizing structural design, fabrication method, and selecting the right programming parameters. Gas separation membranes of PC blends have been reported; however, little research is available on water purification membranes for these blends. Satisfactory PC blend flammability properties still need to be achieved. The flame retardancy mechanism and structure-property relationship of PC blends and FR fillers need to be investigated to achieve engineering materials for construction, automotive, and aerospace. By using compatibilization through nanoparticle addition, compatible/miscible PC/thermoplastic polymer blends have been achieved. Both organic and inorganic reinforcing materials have been used in the PC blends. However, there is little literature available regarding filled PC blends, and further research is needed to discover the potential of this field. PC blends have found applications in biomedical, FR parts, and membranes. Nevertheless, there are several challenges associated with each application. Future of this field relies on the systematic and comprehensive studies on each PC blend category (discussed in this review) focusing on the polymer backbone, blend design, structure-property relationship, and compatibilization.
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